The following account of unipolar lead cardiography has been prompted by the convictions that it is a more scientific method of studying the action currents generated by the heart than the more usual but empirical bipolar lead method, and that it has very considerable clinical advantages of value to both patient and clinician.
Theoretical Considerations
It is necessary to consider in some detail the electrical events that occur when an impulse travels across a cell. (I940) , and it can be extended to apply not only to a simple strip of muscle but to the syncytium of the heart. It must be constantly borne in mind however, that the heart consists of a most complicated laminated cup-shaped muscle divided unequally by a septum, and that it is continuously moving in three planes.
Let us consider first a simple muscle strip (Fig. i) . At A a resting, or polarized, cell is depicted. In B a stimulus has been applied at the left side of the strip and the impulse is beginning to travel in the direction shown by the arrow. The shaded area represents the part of the strip which has become depolarized; the boundary of potential difference is seen. In C depolarization has occurred. D shows the stimulated strip returning tp the resting state in the same direction as stimulation occurred, and in E complete repolarization has occurred. It is seen from the diagrams that an electrode facing the right hand surface'of the strip will inscribe an upward deflection during depolarization and a downward deflection during repolarization. But in the human heart stimulated muscle returns to the resting state in a different direction from that in which it was stimulated, and it will be seen from the diagrams D1 and E1 that when that is so the repolarization wave will point in the same direction as the depolarization wave. That is to say, in human electrocardiography the RS-T segment and the T-wave will point in the same direction as the QRS complex. Wilson and of the T-wave necessarily begins before the QRS tracing has finished because repolarization begins before the muscle previously activated is completely depolarized. This overlap of the QRS and T affects the position of the RS-T junction, and when the QRS interval is long there is great overlapping. It is therefore not surprising that conditions with a long QRS interval such as bundlebranch block and left ventricular hypertrophy result in considerable displacement of the RS-T junction.
The contour of the muscle from which the electrode is picking up current does not affect the magnitude of the electro-motive force recorded. In Fig. 2 , if the lines are extended from the edges of the muscle (M) to meet at P in the centre of a sphere of unit area (s), a solid angle which is coneshaped (c) will be formed at P, and the area (a) on the surface of the sphere (s) cut off by this cone is proportional to the magnitude of the deflection. In Fig. 2b it is clearly seen that any surface irregularity does not affect this statement and the areas a and al are identical.
If two electrodes from the galvanometer are placed either directly on the heart or, as in clinical practice, on the body, which may be regarded as a conducting medium from the heart, they will record potential variations that occur beneath each of them. Such an arrangement is used, of course, in recording the standard leads of bipolar cardiography (Fig. 3a) . Lead I is produced by currents recorded from the right arm (R.A.) and left arm (L.A.) , Lead II from the right arm and left leg (L.L.), and Lead III from the left arm and left leg. The direction of spread of the impulse across the heart during depolarization can be represented by arrows as previously described, and it will be seen that current will flow from R.A. Thus, because for example in Lead I, the deflection represents the difference between the potential at the right arm and left arm, it gives no indication of the actual potential at either arm. It will be seen that it is possible to obtain an upward deflection in Lead I whenever the potential at the left arm is either more positive or Wilson (1946) and Goldberger (1945) Fig. 7b it will be seen that the electrical potentials produced by the left ventricle are greater than those of the right ventricle, and as the left ventricular impulse will give an upward deflection and the right ventricle would tend to cancel this, the resultant of these two opposite forces will give an upward deflection. This may be followed by a small negative wave, which is probably due to the fact that the last region to be stimulated in the heart is a portion of the right ventricle. In Fig. 8 the cardiogram of a vertical heart is shown, and this is also suggested by the standard leads. It is seen that Lead III resembles VF. In Fig. 9 , from a semi-vertical heart, the standard leads give no indication that the heart is vertical. Fig. io .· c:
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·-w=-e- 4. Because the epicardial surface is stimulated late it also returns to the resting state late, and tends to return to it in the same order as it was stimulated, the situation being analogous to that of a simple muscle strip (Fig. i, A to E) . Conse- quently the T waves point in a direction opposite to that of the QRS, and the RS-T segment is depressed. Thus in left ventricular hypertrophy T is commonly inverted in V4, V5 and V6 and the RS-T segment is displaced downwards (Fig. 23) , and in right ventricular hypertrophy T in Vi, V2, and sometimes V3 is inverted (Fig. 25) . Bain and Redfern (I948) (Fig. 29) . Oc- casionally complete and incomplete bundlebranch block alternate in a single tracing.
Left Bundle-branch Block
The R wave is small or absent in Vi and V2, unlike in left-sided leads in right bundle-branch block, and a deep broad S occurs. In left-sided leads a large, broad, notched R occurs. The position of the transitional point is very variable (Fig. 30) . Bain and Redfern (1948) Normally the T wave is asymmetrical with the apex nearer the end than the beginning of the hump.
It is not clear, even today, in which precise order these changes appear. The school led by
Wilson maintain that segment shift is the earliest event, but Bayley and his co-workers are of the opinion, from experimental work, that T wave inversion without segment shift may be the first abnormality. The latter observation would appear to be confirmed, at least for some cases, by a recent paper by East and Oram (1948) who describe a special group of patients with undoubted cardiac pain associated with T wave inversion but without segment shift. Dressler and Roesler (1947) maintain that the very earliest sign of infarction, present for not more thaln 2 hours after the onset of the symptoms, is the appearance of abnormally tall upright T waves, but this as yet awaits confirmation.
Q Wave Changes
Although it is possible for infarction to be present without the appearance of pathological Q waves, when they do appear it is evidence that actual death of muscle has occurred. Electrical potentials that normally are produced by such an area before infarction causes necrosis, disappear, and an electrode overlying such an area will not record any current from it. It will, however, pick up the potentials from the underlying cavity ' as though a hole were cut in the ventricular wall' Wilson (i944) . If the displacement is more or less permanent it is often associated with ventricular aneurysm.
It will be seen from Fig. 2 that the effect an infarct has on the ventricular complex is roughly proportional to the' magnitude of the solid angle which its epicardial surface subtends at that point. If the observer looks through the cone from its apex, and sees the epicardial surface of the infarct, the RS-T segment displacement is upward; if he sees the endocardial surface, the displacement is downward.
T Wave Changes
The T waves are often abnormally large and symmetrical, and develop in a direction opposite to that of the RS-T segment displacement. If the electrode is facing the endocardial surface of the infarct it may yield upright T waves which are too large and too symmetrical, and this is sometimes seen in anterior chest leads overlying a posterior infarct (Fig. 36) There are two main cardiographic patterns; one is due'to so-called anterior infarction, which is more often antero-lateral in distribution, and the other is due to so-called posterior infarction, which actually involves more of the inferior, (diaphragmatic) surface of the heart than the posterior. A third type, in which the septum is involved from front to back, has recently been described by Roesler and Dressler (1947) . But East and Oram (1948) (Fig. 36) (Fig. 39) (Fig. 4i) .
If recent posterior infarction has occurred in addition to an old anterior infarct, the recent changes will be seen in Leads VF, II and III, but the chest leads will show Q waves due to the anterior lesion although their RS-T segments may be depressed due to the recent posterior lesion (Fig. 42) 
